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PREFACE

NEeARLY six tenths of the earth’s land surface
receive an annual rainfall of less than twenty
inches, and can be reclaimed for agricultural pur-
poses only by irrigation and dry-farming. A per-
fected world-system of irrigation will convert about
one tenth of this vast area into an incomparably
fruitful garden, leaving about one half of the
earth’s lJand surface to be reclaimed, if at all, by
the methods of dry-farming. The noble system
of modern agriculture has been constructed almost
wholly in countries of abundant rainfall, and its
applications are those demanded for the agricul-
tural development of humid regions. Until re-
cently, irrigation was given scant attention, and
dry-farming, with its world problem of conquering
one half of the earth, was not considered. These
facts furnish the apology for the writing of this
book.

One volume, only, in this world of many books,
and that less than a year old, is devoted to the
exposition of the accepted dry-farm practices of
to-day.
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DRY-FARMING

CHAPTER I

INTRODUCTION
DRY-FARMING DEFINED

DRy-FARMING, as at present understood, is the
profitable production of useful crops, without irriga-
tion, on lands that receive annually a rainfall of
20 inches or less. In districts of torrential rains,
high winds, unfavorable distribution of the rain-
fall, or other water-dissipating factors, the term
“ dry-farming ” is also properly applied to farming
without irrigation under an annual precipitation of
25 or even 30 inches. There is no sharp de-
markation between dry- and humid-farming.

When the annual precipitation is under 20
inches, the methods of dry-farming are usually
indispensable. When it is over 30 inches, the
methods of humid-farming are employed; in places
where the annual precipitation is between 20 and
30 inches, the methods to be used depend chiefly
on local conditions affecting the conservation of
soil moisture. Dry-farming, however, always im-
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10 DRY-FARMING

season; the regulation of the amount of water drawn
from the soil by plants; the choice of crops suitable
for growth under arid conditions; the application
of suitable crop treatments, and the disposal of dry-
farm products, based upon the superior composition
of plants grown with small amounts of water.
Around these fundamental problems cluster a host
of minor, though also important, problems. When
the methods of dry-farming are understood and
practiced, the practice is always successful; but
it requires more intelligence, more implicit obedience
to nature’s laws, and greater vigilance, than farming
in countries of abundant rainfall.

The chapters that follow will deal almost wholly
with the problems above outlined as they present
themselves in the construction of a rational system
of farming without irrigation in countries of limited
rainfall.






12 DRY-FARMING

dry-farm sections, soil-moisture is lost only by these
two methods; for wherever the rainfall is sufficient
to cause drainage from deep soils, humid conditions
prevail.

Water for one pound dry matter

Many experiments have been conducted to deter-
mine the amount of water used in the production of
one pound of dry plant substance. Generally, the
method of the experiments has been to grow plants
in large pots containing weighed quantities of soil.
As needed, weighed amounts of water were added
to the pots. To determine the loss of water, the
pots were weighed at regular intervals of three days
to one week. At harvest time, the weight of dry
matter was carefully determined for each pot. Since
the water lost by the pots was also known, the pounds
of water used for the production of every pound of
dry matter were readily calculated (Figs. 5, 6).

The first reliable experiments of the kind were
undertaken under humid conditions in Germany
and other European countrics. IFrom the mass of
results, some have been selected and presented in
the following table. The work was done by the
famous German investigators, Wollny, Hellriegel,
and Sorauer, in the early eighties of the last century.
In every case, the numbers in the table represent
the number of pounds of water used for the produc-
tion of one pound of ripened dry substance : —
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Pounps oF WATER FOR ONE Pounp oF DrY MATTER

WoLLNY |HeELLRIEGEL| SORAUER
Wheat . . . . . . —_— 338 459
Qats . . . . . . . 665 376 569 -
Barley . . . . . . —_ 310 431"
Rye . . . . . . . 774 353 236
Com . . . . . . . 233 —_ —_—
Buckwheat . . . . . 646 363 —_
Peas . . . . . . . 416 273 —_—
Horsebeans . . . . . — 282 —_
Red clover . . . . . —_ 310 —_—
Sunflowers . . . . . 490 —_ _—
Millet e e e 447 —_ —_—

It is clear from the above results, obtained in Ger-
many, that the amount of water required to produce
a pound of dry matter is not the same for all plants,
nor is it the same under all conditions for the same
plant. In fact, as will be shown in a later chapter,
the water requirements of any crop depend upon
numerous factors, more or less controllable. The
range of the above German results is from 233 to
774 pounds, with an average of about 419 pounds
of water for each pound of dry matter produced.

During the late eighties and early nineties, King
conducted experiments similar to the earlier German
experiments, to determine the water requirements of
crops under Wisconsin conditions. A summary of
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fall, which up to the present seems to be the lower
limit of successful dry-farming, there is a maximum
. possibility of producing 25 bushels of wheat annually.

In the subjoined table, constructed on the basis
of the discussion of this chapter, the wheat-produc-
ing powers of various degrees of annual precipita-
tion are shown: —

One acre inch of water will produce 2} bushels of wheat.

Ten acre inches of water will produce 25 bushels of wheat.

Fifteen acre inches of water will produce 374 bushels of
wheat.

Twenty acre inches of water will produce 50 bushels of
wheat.

It must be distinctly remembered, however, that
under no known system of tillage can all the water
that falls upon a soil be brought into the soil and
stored there for plant use. Neither is it possible to
treat a soil so that all the stored soil-moisture may
be used for plant production. Some moisture, of
necessity, will evaporate directly from the soil, and
some may be lost in many other ways. Yet, even
under a rainfall of 12 inches, if only onc half of the
water can be conserved, which experiments have
shown to be very feasible, there is a possibility of
producing 30 bushels of wheat per acre every other
year, which insures an excellent interest on the
money and labor invested in the production of the
crop.



THE THEORETICAL BASIS OF DRY-FARMING 21

It is on the grounds outlined in this chapter that
students of the subject believe that ultimately large
areas of the ‘‘desert” may be reclaimed by means
of dry-farming. The real question before the dry-
farmer is not, ‘“Is the rainfall sufficient ?”’ but rather,
“Is it possible so to conserve and use the rainfall as
to make it available for the production of profitable
crops?”



CHAPTER III

DRY-FARM AREAS. — RAINFALL

THE annual precipitation of rain and snow deter-
mines primarily the location of dry-farm areas.
As the rainfall varies, the methods of dry-farming
must be varied accordingly. Rainfall, alone, does
not, however, furnish a complete index of the crop-
producing possibilities of a country.

The distribution of the rainfall, the amount of
snow, the water-holding power of the soil, and the
various moisture-dissipating causes, such as winds,
high temperature, abundant sunshine,and low humid-
ity, frequently combine to offset the benefits of a large
annual precipitation. Nevertheless, no one climatic
feature represents, on the average, so correctly
dry-farming possibilities as does the annual rainfall.
Experience has already demonstrated that wherever
the annual precipitation is above 15 inches, there is
no need of crop failures, if the soils are suitable and
the methods of dry-farming are correctly employed.
With an annual precipitation of 10 to 15 inches,
there need be very few failures, if proper cultural
precautions are taken. With our present methods,
the arcas that receive less than 10 inches of atmos-

22












26 DRY-FARMING

nation of this map proves that nearly one half of the
whole area of the United States receives 20 inches or
less rainfall annually; and that when the strip re-
ceiving between 20 and 30 inches is added, the whole
area directly subject to reclamation by irrigation or
dry-farming is considerably more than one half
(63 per cent) of the whole area of the United States.

Eighteen states are included in this area of low
rainfall. The areas of these, as given by the Census
of 1900, grouped according to the annual precipita-
tion received, are shown below : —

ARID TP SEMI- ToraL AREA LaND
ARID GROUP SURFACE (SQ. MIiLEs)
Arizona . . . . . . 112,920
California . . . . . . 156,172
Colorado . . . . . . 103,645
Idaho . . . . . . . 84,290
Nevada . . . . . . . 109,740
Utah . . . . . . . 82,190
Wyoming . . . . . . 97,575
Total . . . . . . 746,532
SEMIARID TO SuB-HUMID GROUP
Montana . . . . . . 145,310
Nebraska . . . . . . - 76,840
New Mexico . . . . . 112,460
North Dakota . . . . 70,195
Oregon . . . . . . . 94,560
South Dakota . . . . 76,850
Washington . . . . . 66,880

Total . . . . . . 653,095
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34 DRY-FARMING

per cent more receives from 20 to 30 inches under
conditions that make dry-farming methods necessary.
A total of about 65 per cent of the earth’s land sur-
face is, therefore, directly interested in dry-farming.
With the future perfected development of irrigation
gystems and practices, not more than 10 per cent
will be reclaimed by irrigation. Dry-farming is
truly a problem to challenge the attention of the
race.
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Snowfall

Closely related to the distribution of the rainfall
and the average annual temperature is the snowfall.
Wherever a relatively large winter precipitation
occurs, the dry-farmer is benefited if it comes in the
form of snow. The fall-planted sceds are better
protected by the snow; the evaporation is lower and
it appears that the soil is improved by the annual
covering of snow. In any case, the methods of
culture are in a measure dependent upon the amount
of snowfall and the length of time that it lics upon
the ground.

Snow falls over most of the dry-farm territory,
excepting the lowlands of California, the immediate
Pacific coast, and other districts where the average
annual temperature is high. The heaviest snowfall
is in the intermountain district, from the west slope
of the Sierra Nevadas to the east slope of the Rockies.
The degree of snowfall on the agricultural lands is
very variable and dependent upon loeal conditions.
Snow falls upon all the high mountain ranges.

Temperature

With the execeptions of portions of California,
Arizona, and Texas the average annual surface
temperature of the dry-farm territory of the United
States ranges from 40° to 55° F. The average is
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between the 100th meridian on the east to the
Sierra Nevada and the Cascades on the west,
varies between 55 and 65 per cent. In July, August,
and September, the mean values in the - South-
west sink as low as 20 to 30 per cent, while along
the Pacific coast districts they continue about 80
per cent the year round. In the Atlantic coast
districts, and generally east from the Mississippi
River, the variation from month to month is not
great. April is probably the driest month of the
year.

The air of the dry-farm territory, therefore, on the
whole, contains considerably less than two thirds
the amount of moisture carried by the air of the hu-
mid states. This means that evaporation from
plant leaves and soil surfaces will go on more rapidly
in semiarid than in humid regions. Against this
danger, which cannot be controlled, the dry-farmer
must take special precautions.

Sunshine

The amount of sunshine in a dry-farm section is
also of importance. Direet sunshine promotes plant
growth, but at the same time it accelerates the
evaporation of water from the soil. The whole
dry-farm territory receives more sunshine than do
the humid sections. In fact, the amount of sunshine
may roughly be said to increase as the annual rain-












CHAPTER V

DRY-FARM BSOILS

IMPORTANT as is the rainfall in making dry-farming
successful, it is not more so than the soils of the dry-
farms. On a shallow soil, or on one penetrated with
gravel streaks, crop failures arc probable even under
a large rainfall; but a deep soil of uniform texture,
unbroken by gravel or hardpan, in which much water
may be stored, and which furnishes also an abun-
dance of feeding space for the roots, will yield large
crops even under a very small rainfall. Likewise, an
infertile soil, though it be deep, and under a large
precipitation, cannot be depended on for good crops;
but a fertile soil, though not quite so deep, nor under
so large a rainfall, will almost invariably bring large
crops to maturity.

A correet understanding of the soil, from the sur-
face to a depth of ten feet, is almost indispensable
before a safe judgment can be pronounced upon the
full dry-farm possibilities of a district. Espeeially is it
necessary to know (a) the depth, (b) the uniformity
of structure, and (c) the relative fertility of the
soil, in order to plan an intelligent system of farming
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ably been formed under abnormal conditions, as in
high mountain valleys, or under prehistoric humid
climates.

Sand. — The sand-forming rocks that are not
capable of clay production usually consist of uncom-
bined silica or quartz, which when pulverized by the
soil-forming agencies give a comparatively barren
soil. Thus it has come about that ordinarily a clayey
soil is considered ‘‘strong’’ and a sandy soil ‘‘weak.”
Though this distinction is true in humid climates,
where clay formation is rapid, it is not true in arid
climates, where true clay is formed very slowly.
Under conditions of deficient rainfall, soils are nat-
urally less clayey, but as the sand and silt particles
are produced from rocks which under humid condi-
tions would yicld clay, arid soils are not necessarily
less fertile.

Experiment has shown that the fertility in the
sandy soils of arid sections is as large and as available
to plants as in the clayey soils of humid regions.
Experience in the arid scection of America, in Egypt,
India, and other desert-like regions has further
proved that the sands of the deserts produce excel-
lent crops whenever water is applied to them. The
prospective dry-farmer, therefore, need not be afraid
of a somewhat sandy soil, provided it has been formed
under arid conditions. In truth, a degree of sandi-
ness is characteristic of dry-farm soils.

The humus content forms another characteristic
















































74 DRY-FARMING
Soil divisions

The dry-farm territory of the United States may
be divided roughly into five great soil districts, each
of which includes a great variety of soil types, most
of which are poorly known and mapped. These
districts are: —
. Great Plains district.
. Columbia River district.
. Great Basin district.

. Colorado River district.
. California district.

O Q0N

Great Plains district.— On the eastern slope of
the Rocky Mountains, extending eastward to the
extreme boundary of the dry-farm territory, are the
soils of the High Plains and the Great Plains. This’
vast soil district belongs to the drainage basin of the
Missouri, and includes North and South Dakota,
Nebraska, Kansas, Oklahoma, and parts of Mon-
tana, Wyoming, Colorado, New Mexico, Texas, and
Minnesota. The soils of this district are usually of
high fertility. They have good lasting power,
though the effect of the higher rainfall is evident in
their composition. Many of the distinet types of
the plains soils have been determined with consider-
able care by Snyder and Lyon, and may be found
described in Bailey’s ““Cyclopedia of \merican Agri-
culture,” Vol. 1.

Columbia River district. — The second great soil















JUDGING DRY-FARM SOILS 79

more on each acre if time and circumstances permit
—and the results entered on a map of the farm.

The uniformity of
boring progresses.
If gravel layers ex-
ist, they will neces-
sarily stop the prog-
ress of the boring.
Hardpans of any
kind will also be re-
vealed by such an
examination.

The climatic in-
formation must be
gathered from the
local weather bureau
and from older resi-
dents of the scction.

The native vege-
tation is always an
excellent index of
dry-farm possibil-
ities. If a good
stand of native
grasses exists, there
can scarccly be any

the soil is observed as the

e

: 4 s

Fia. 21. Soil augers. The subsoil of every
dry-farm should be studied by means
of soil augers.

doubt about the ultimate success of dry-farming
under proper cultural methods. A healthy crop of
sagebrush is an almost absolutely certain indication
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that farming without irrigation is feasible. The
rabbit brush of the drier regions is also usually a good
indication, though it frequently indicates a soil not
easily handled. Greasewood, shadscale, and other
related plants ordinarily indicate heavy clay soils,
frequently charged with alkali. Such soils should be
the last choice for dry-farming purposes, though they
usually give good satisfaction under systems of irriga-
tion. If the native cedar or other native trees grow
in profusion, it is another indication of good dry-
farm possibilities.





















DEPTH OF ROOT SYSTEMS 87

On deeper and somewhat drier soils, corn roots
went down as far as eight feet. The roots of the

Fia. 24. Sugar-beet roots.

small grains, — wheat, oats, barley, — penctrated
the soil from four to eight or ten feet. Vari-
ous perennial grasses rooted to a depth of four feet
the first year; the next year, five and one half feet;


















ADVANTAGE OF DEEP ROOTING 93

the roots must be driven downward into the soil,
and that no injury needs to be apprehended from
deep and vigorous cultivation.

One of the chief attempts of the dry-farmer must
be to see to it that the plants root deeply. This can
be done only by preparing the right kind of seed-bed
and by having the soil in its lower depths well stored
with moisture, so that the plants may be invited to
descend. For that reason, an excess of moisture
in the upper soil when the young plants are rooting
is really an injury to them.



CHAPTER VII

STORING WATER IN THE SOIL

THE large amount of water required for the pro-
duction of plant substance is taken from the soil by
the roots. Leaves and stems do not absorb appre-
ciable quantities of water. The scanty rainfall of
dry-farm districts or the more abundant precipita-
tion of humid regions must, therefore, be made to
enter the soil in such a manner as to be readily avail-
able as soil-moisture to the roots at the right periods
of plant growth.

In humid countries, the rain that falls during the
growing season is looked upon, and very properly, as
the really effective factor in the production of large
crops. The root systems of plants grown under
such humid conditions are near the surface, ready
to absorb immediately the rains that fall, even if
they do not soak deeply into the soil. As has been
shown in Chapter IV, it is only over a small portion
of the dry-farm territory that the bulk of the scanty
precipitation occurs during the growing secason.
Over a large portion of the arid and semiarid region
the summers are ahnost rainless and the bulk of the
precipitation comes in the winter, late fall, or early

94
























































































































134 DRY-FARMING
Temparature | Welght of Water Vapor
| O G A o
0 0.545
32 2.126
} . .. 0736
40 2.862
} .
50 4.089
60 5.756 i
} ... . .2236
70 7.992
} . e . . . .2957
80 10.949
} . 3.861
90 14.810
} . 4.980
100 19.790

water during the fall and winter when the tempera-
ture is low and the moisture usually abundant, and
the greater difficulty of storing the rain that falls
largely, as in the Great Plains arca, in the summer,
when water-dissipating forces are very active. This
law also emphasizes the truth that it is in times of
warm weather that every precaution must be taken
to prevent the evaporation of water from the soil
surface.

It is of course well understood that the atmos-
phere as a whole is never saturated with water vapor.

















































150 DRY-FARMING

the sunshine and the air to evaporate the water
very quickly. Such cultivation is very desirable
for other reasons also, as will soon be discussed.
Meanwhile, the water-dissipating forces of the dry-
" farm section are not ‘wholly objectionable, for
whether the land be cultivated or not, they tend to
hasten the formation of dry surface layers of soil
which guard against excessive evaporation. It is in
moist cloudy weather, when the drying process is
slow, that evaporation causes the greatest losses of
soil-moisture.

The effect of shading

Direct sunshine is, next to temperature, the most
active cause of rapid evaporation from moist soil
surfaces. Whenever, therefore, evaporation is not
rapid enough to form a dry protective layer of top-
soil, shading helps materially in reducing surface
losses of soil-water. Under very arid conditions,
however, it is questionable whether in all cases shad-
ing has a really beneficial effect, though under semi-
arid or sub-humid conditions the benefits derived
from shading are increased largely. Ebermayer
showed in 1873 that the shading due to the forest
cover reduced evaporation 62 per cent, and many
experiments since that day have confirmed this
conelusion. At the Utah Station, under arid condi-










































vigorous, unremitting, continuous stirring of the top-
soil. Cultivation! cultivation! and more cultiva-
tion! must be the war-cry of the dry-farmer who
battles against the water thieves of an arid climate.
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The
is, that 1t 18 not suthicient for the dry-farmer to store .
an abundance of water in the soil and to prevent that
water from evaporating directly from the soil ; but the
soil must be kept in such 4 state of high fertility that
plants are enabled to utilize the stored moisture in
the most economical manner. Water storage, the
prevention of evaporation, and the maintenance of
soil fertility go hand in hand in the development of
a successful system of farming without irrigation.




































































































































































































































7.5
15.0

4.76
4.98
4.69

31.16 1.70
28.37 0.87
21.29 1.16
Potato Tubers
11.83 0.55
12.52 0.33
8.33 0.79
Sugar Beets
9.68 0.29
7.50 0.18
5.63 0.45

60.84
67.78

78.25
83.95

79.91
81.32


































THE COMPOSITION OF DRY-FARM CROPS 279

the quality of crops grown in different drv-farm
districts. As far as possible each section, great or
small, should confine itself to the growing of a
variety of each crop yielding well and possessing
the highest nutritive value. In that manner each
section of the great dry-farm territorvy would soon
come to stand for some dependable special quality
that would compel a first-class market. Further,
the superior feeding value of drv-farm products
should be thoroughly advertised among the con-
sumers in order to create a demand on the markets
for a quality valuation. .\ few vears of such svs-
tematic honest work would do much to improve
the financial basis of dry-farming.































































diminishes as the fertility increases, shows the inti-
mate relationship that exists between the soil-fer-
tility and the soil-water and the importance of main-
taining dry-farm soils at a high state of fertility.













































CULTIVATORS FOR DRY-FARMING 315

season. Potatoes grown on dry-farms should be
cultivated throughout the season, and as the potato
industry grows in the dry-farm territory there will be
a greater demand for suitable cultivators. The cul-
tivators to be used on dry-farms are all of the riding
kind. They should be so arranged that the horse
walking between two rows carries a cultivator that
straddles several rows of plants and cultivates the soil
between. Disks, shovels, or spring teeth may be used
on cultivators. There is a great variety on the mar-
ket, and each farmer will have to choose such as meet
most definitely his needs.

The various forms of harrows and cultivators are of
the greatest importance in the development of dry-
farming. Unless a proper mulch ean be kept over the
soil during the fallow season, and as far as possible
during the growing season, first-class crops cannot be
fully expeeted.

The roller is occasionally used in dry-farming, es-
pecially in the uplands of the Columbia Basin. It is
a somewhat dangerous implement to use where water
conservation is important, since the packing resulting
from the roller tends to draw water upward from the
lower soil layers to be evaporated into the air. - Wher-
ever the roller is used, therefore, it should be followed
immediately by a harrow. It is valuable chiefly in
the localities where the soil is very loose and light and
needs packing around the sceds to permit perfeet
germination.




































IMPLEMENTS FOR DRY-FARMING 2

80 far as its profits are concerned. upon the develop-
ment of new and more suitable machinery for the
tillage of the s0il in accordance with the established
principles of drv-farming.

Finally, the recommendations made by Merrill may
here be inserted. A dry-farmer for best work should
be supplied with the following implements in addition
to the necessary wagons and hand tools: —

One Plow.

One Disk.

One Smoothing Harrow.
One Drill Seeder.

One Harvester or Header.
One Mowing Machine.





































































The dry-farmer should carefully avoid the temp-
tation to decry irrigation practices. Irrigation and
dry-farming of necessity must go hand in hand in
the development of the great arid regions of the world.
Neither can well stand alone in the building of great
commonwealths on the deserts of the earth.






































































































































































































Man, by his intelligence, compels the laws of nature
to do his bidding, and thus he achieves joy.

““And God blessed them —and God said unto
them, Be fruitful and multiply and replenish the
carth, and subdue it.”























































































. )

INDEX
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amount to sow, 223.
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Salt Lake Valley, 354.
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